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Development of Functional Nano-Bio Tool Derived from Bacterial Protein Toxin 
for Clinical Application 
 
by 
Atsushi TABATA, Eriko SAKAKURA, Toshifumi TOMOYASU, Hideaki NAGAMUNE 
 
 
  A novel functional protein tool derived from cholesterol-dependent cytolysin was developed and 
its application for clinical field such as a drug delivery system was investigated. This tool is 
composed of both of a functional-domain to connect the drug carrier and a targeting-domain to 
recognize the target cell. The recombinant protein consisted of a lung tumor specific peptide, 
domain 1-3 of intermedilysin with an introduced disulphide-bond to block the conformational 
change and pore-formation, and domain 4 of Streptococcus mitis-derived human platelet 
aggregation factor, was prepared using bacterial-expression system then investigated its function. It 
was shown that the prepared protein tool could specifically deliver a model of drug-carrier vesicles 
to human lung tumor cells in vitro. This result suggests that the novel functional protein tool 
constructed in this study has the superior properties for clinical application. 
 
Key words: Cholesterol-Dependent Cytolysin, Functional Protein Tool, Drug Delivery System, 
Clinical Application, Bacterial Protein Toxin
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Fig. 2:  Functional and effective delivery of LTSP-CDC(ss)-NR to target cells.
A549 (A, B, C, E, F, G) and NB1RGB (D, H) treated with NR (A, E), CDC(ss)-NR
(B, F), and LTSP-CDC(ss)-NR (C, D, G, H) were observed in bright field (A, B, C, D)
and dark field (E, F, G, H), respectively .
A  B  C 
E  F  G 
D 
H 
???????ソシオテクノサイエンス??????? 
BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA
- 54 -
¬LS7K­ZtzG¬6Q+ ¡¢«¨­|.uh|
jk[ZA@,{fLP+TT§¤«¥
¦§¢§«¥~}?
_*=m
Q~6Q+ ¡¢«¨`@C/szjg3E
I\;8aszf=NlwxM
nWdm H{imfDv1=+mV	rz
nzjg'yzf&EI`mj2%rg 
 
 
 

e 3EIf".19#$)!b¡
ªEI]EI£©EI.4]|w
{ug3EI.YswaOf9o-X
Rsugwf3EI.4J3103
<:
#J8103<¬BMB2008­z@
URsswg3EIqcnswB5f^zo
(F>spug 
 
	 

1) R. K. Tweten: Cholesterol-Dependent Cytolysins, a Family 
of Versatile Pore-Forming Toxins, Infection and Immunity, 
Vol. 73, No. 10, 6199-6209 (2005). 
 
2) H. Nagamune, C. Ohnishi, A. Katsuura, K. Fushitani, R. A. 
Whiley, A. Tsuji, Y. Matsuda: Intermedilysin, a novel 
cytotoxin specific for human cells secreted by Streptococcus 
intermedius UNS46 isolated from a human liver abscess, 
Infection and Immunity, Vol. 64, No. 8, 3093-3100 (1996). 
 
3) M. G. Macey, R. A. Whiley, L. Miller, H. Nagamune: Effect 
on polymorphonuclear cell function of a human-specific 
cytotoxin, intermedilysin, expressed by Streptococcus 
intermedius. Infection and Immunity, Vol. 69, No. 10, 
6102-6109 (2001). 
 
4) H. Nagamune, K. Ohkura, A. Sukeno, G. Cowan, T. J. 
Mitchell, W. Ito, O. Ohnishi, K. Hattori, M. Yamato, K. Hirota, 
Y. Miyake, T. Maeda, H. Kourai: The human-specific action of 
intermedilysin, a homolog of streptolysin O, is dictated by 
domain 4 of the protein, Microbiology and Immunology, Vol. 
48, No. 9, 677-692 (2004). 
 
5) H. Nagamune, K. Ohkura, K. Umezu, H. Shouji, H. Kourai: 
A cell membrane modification technique using domain 4 of 
intermedilysin for immunotherapy against cancer, Anticancer 
Research, Vol. 24, No. 5C, 3367-3372 (2004). 
 
???????ソシオテクノサイエンス??????? 
BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA
- 55 -
6) A. Sukeno, H. Nagamune, R. A. Whiley, S. I. Jafar, J. 
Aduse-Opoku, K. Ohkura, T. Maeda, K. Hirota, Y. Miyake, H. 
Kourai: Intermedilysin is essential for the invasion of hepatoma 
HepG2 cells by Streptococcus intermedius, Microbiology and 
Immunology, Vol. 49, No. 7, 681-694 (2005). 
 
7) K. S. Giddings, J. Zhao, P. J. Sims, R. K. Tweten: Human 
CD59 is a receptor for the cholesterol-dependent cytolysin 
intermedilysin, Nature Structural and Molecular Biology, Vol. 
11, No. 12, 1173-1178 (2004). 
 
8) H. Ohkuni, Y. Todome, F. Okibayashi, Y. Watanabe, N. 
Ohtani, T. Ishikawa, G. Asano, S. Kotani: Purification and 
partial characterization of a novel human platelet aggregation 
factor in the extracellular products of Streptococcus mitis, 
strain Nm-65, FEMS Immunology and Medical Microbiology, 
Vol. 17, No. 2, 121-129 (1997). 
 
9) T. Oyama, K. F. Sykes, K. N. Samli, J. D. Minna, S. A. 
Johnston, K. C. Brown: Isolation of lung tumor specific 
peptides from a random peptide library: generation of 
diagnostic and cell-targeting reagents, Cancer Letter, Vol. 202, 
No. 2, 219-230 (2003) 
???????ソシオテクノサイエンス??????? 
BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA
- 56 -
